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Immune responses in vertebrates are classically divided into innate and adaptive, with only the latter being
able to build up immunological memory. However, although lacking adaptive immune responses, plants and
invertebrates are protected against reinfection with pathogens, and invertebrates even display transplant
rejection. In mammals, past ‘‘forgotten’’ studies demonstrate cross-protection between infections indepen-
dently of T and B cells, and more recently memory properties for NK cells and macrophages, prototypical
cells of innate immunity, have been described. We now posit that mammalian innate immunity also exhibits
an immunological memory of past insults, for which we propose the term ‘‘trained immunity.’’ Understanding
trained immunity will revolutionize our view of host defense and immunological memory, and could lead to
defining a new class of vaccines and immunotherapies.Innate versus Adaptive Immunity: The Classic
Dichotomy
Host defense against pathogenic microorganisms is composed
of a complex system of mucosal barriers, humoral factors, and
specialized cell types constituting the immune system. Immune
responses in vertebrates are classically separated into innate or
adaptive. Adaptive (or specific) immunity, requiring specialized
cells such as T lymphocytes and B lymphocytes, specifically
recognizes a pathogen and builds immunological memory to
that specific infection. Upon a second encounter with the
same pathogen, clonal expansion of memory T cells and/or B
cells induces a rapid and effective response (Roitt et al.,
2006). In contrast to the adaptive immune responses, the
current opinion holds that innate immune responses are
nonspecific and lack immunological memory. Innate host
defenses are mediated by cascades of constitutive proteins
such as the complement system, and by cellular responses
involving phagocytes (monocytes, macrophages, neutrophils)
or natural killer (NK) cells. Phagocytosis and the killing of micro-
organisms, or lysis of virus-infected cells, are nonspecific
effector mechanisms of the natural host defense, and these
do not induce immunological memory (Roitt et al., 2006). While
innate immune responses are rapid, being able to be activated
within minutes of an infectious insult, adaptive immunity
requires several days to mount an effective humoral and cellular
response.
The above dichotomy, however, may not give a complete
picture of the complexity of the immune responses. There is an
increasing body of evidence to suggest that exposure to a path-
ogen leads not only to specific immunological memory (repre-
sented by memory T and B cells) but also an enhanced innate
immune response. Experiments performed already half a century
ago demonstrated infection-induced ‘‘cross-protection’’
between unrelated bacterial pathogens, and these pioneering
observations have played a crucial role in defining the concept
of cell-mediated immunity (Mackaness, 1964). This classical
form of cross-protection is mediated by lymphocytes that
release IFNg after stimulation by the first pathogen encountered,
and thus activate bystander macrophages, generating a state oftemporary heightened innate immunity against a secondary
infection, which wanes rapidly once the primary pathogen is
eliminated (Mackaness, 1969). In contrast to this classical
cross-protection, memory lymphocytes also mediate long-lived
cross-protection: CD8 memory lymphocytes can become
activated in an antigen-independent fashion by cytokines such
as interleukin (IL)-12 and IL-18 that are produced in the initial
stages of a secondary infection, leading to IFNg production
and an enhanced response toward a subsequent pathogen
(Berg et al., 2003). These forms of cross-protection aremediated
by adaptive responses elicited toward a primary pathogen,
exerting beneficial collateral effects on the innate host defense
to secondary infections through the release of cytokines such
as IFNg, and can therefore be characterized as being byprod-
ucts of adaptive immunity (Figure 1).
Increasing evidence has emerged to suggest that the protec-
tive mechanisms during reinfection or cross-protection cannot
be solely attributed to adaptive immune responses, but also
employ a heightened state of activation of the innate immune
responses. The discovery of several major classes of pattern
recognition receptors (PRRs), i.e., Toll-like receptors (TLRs),
C-type lectin receptors, NOD-like receptors (NLRs), and RigI-
helicases, implies that innate recognition of pathogens involves
specific recognition of pathogen-associated molecular patterns
(PAMPs). As a consequence, the innate response to different
infectious agents may vary dependent on the type of PAMP-
PRR interaction (Akira et al., 2006). That innate immune
responses exhibit memory characteristics after the first
encounter with a pathogen (‘‘training effect’’) is an accepted
fact in plant immunology and is strongly suggested in inverte-
brates. Although this assumption is yet to be established in
vertebrate immunology, well-documented observations provide
clues that this may indeed be the case.
At this point, we would like to emphasize that the definition
of memory used in the context of trained host defense is
different from that of classic adaptive immunological memory,
which implies a high degree of specificity and amplification. In
contrast, the memory of trained immunity is defined as
a heightened response to a secondary infection that can beCell Host & Microbe 9, May 19, 2011 ª2011 Elsevier Inc. 355
Figure 1. The Classic Dichotomy of Innate
versus Adaptive Immunity
Innate immune responses have been classically
divided into innate immune responses that are
rapid and nonspecific and lack immunological
memory, and T/B cell-dependent adaptive
immune responses that are specific but relatively
slow and can build immunological memory.
Primed T-helper1 (Th1) cells can induce nonspe-
cific cross-protective effects through enhanced
IFNg production.
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one (cross-protection). This type of immune response cannot
be defined as either innate (as it is induced only secondarily in
hosts that have previously encountered a primary infection) or
adaptive (as this implies the specificity given by somatic diversi-
fication, e.g., such as in T/B cell responses). We therefore
propose the term ‘‘trained immunity’’ to describes this type of
immune reaction when a second infection occurs. We go on to
elaborate on this concept and support it with empirical data
available from published literature.
‘‘Memory’’ in Innate Immunity: Challenging the Dogma
Studies in Plants
The natural protection of plants against pathogens is repre-
sented by a combination of constitutive and induced or acquired
resistancemechanisms (Dangl and Jones, 2001). While constitu-
tive resistance relies on mechanisms already present before the
actual infection of the plant, induced resistance mechanisms
become apparent after recognition of the pathogen. Resistance
that spreads from the site of the infection throughout the
tissues of the plant has been called ‘‘systemic acquired resis-
tance’’ (SAR), a phenomenon documented already at the begin-
ning of the 20th century (Chester, 1933). SAR is displayed by
a very large array of plants and infections (Sticher et al., 1997).
Due to the development of SAR, plants inoculated with attenu-
ated microorganisms are protected for long periods against
subsequent infections with a broad spectrum of pathogens
including viruses, bacteria, fungi, and oomycetes (Durrant and
Dong, 2004; Sticher et al., 1997).
A complete overview of the SAR field is beyond the scope of
this discussion, but several excellent reviews are available
(Durrant and Dong, 2004; Ryals et al., 1996; Sticher et al.,
1997). Extensive research during the last two decades has
identified important details of the mechanisms that lead to
mounting of a SAR response: from the effector mechanisms356 Cell Host & Microbe 9, May 19, 2011 ª2011 Elsevier Inc.related to pathogenesis-related proteins;
to signaling molecules such as salicylic
acid, jasmonates, systemin, lipid-based
molecules, and reactive oxygen species
(Durrant and Dong, 2004); and to the
positive and negative gene regulators
NPR1 and SNI1 that influence the devel-
opment of SAR (Cao et al., 1997;
Li et al., 1999). Overall, the phenomenon
of SAR is considered to be the equivalent
of immunization in vertebrate immu-
nology, and this implies the existence ofinnate immune memory in plants (Durrant and Dong, 2004;
Sticher et al., 1997).
Studies in Invertebrates
An ideal experimental model to investigate the hypothesis of
immunological memory within the innate immune responses in
the animal kingdom is represented by the invertebrate organ-
isms. Adaptive immunity appeared in the ancestors of cartilagi-
nous fish (gnathostomes) 450 million years ago and is restricted
to vertebrate species. Having no functional equivalents of T and
B cells, and hence no adaptive immune response, invertebrates
respond to infections solely through innate immunemechanisms
(Hoffmann, 2003). Does this mean that invertebrate host defense
also completely lacks immunological memory?
Recent evidence challenges the assumption that invertebrate
innate immunity is completely devoid of memory traits. An
increasing number of studies demonstrate heightened resis-
tance to secondary infections induced by a first encounter with
a pathogen (see, for review, Kurtz, 2005) (Table 1). One group
of studies showed the long-term increase in the antimicrobial
mechanisms after an infection (Boman et al., 1972; Boutros
et al., 2002; Dimopoulos et al., 2002; Lemaitre et al., 1997), which
in certain situations can lead to nonspecific enhanced resistance
to a second infection (Moret and Siva-Jothy, 2003; Pham et al.,
2007). The induction of cross-protection suggests a nonspecific
priming of innate immune responses in these models, such as
the protection of mealworm beetles against fungi afforded by
a lipopolysaccharide injection (Moret and Siva-Jothy, 2003;
Pham et al., 2007). However, an even more intriguing set of
studies demonstrated a clear specificity for the type of infection
for which protection is conferred. In this respect, it has been
shown that Drosophila infected with Streptococcus pneumoniae
orBeauveria bassiana are protected for reinfection with the same
microorganisms, but not with other pathogens (Pham et al.,
2007). These protective mechanisms during reinfection have
been ascribed to activation of the hematocytes through
Table 1. Selected ExperimentalModels inwhich Biological Activity Compatiblewith the Concept of Trained Innate Immunity Has Been
Reported
Organism Experimental Model Biological Effect Specificity References
Plants—Systemic Acquired Resistance
Large variety of plants Viruses, bacteria, fungi Protection against reinfection Variable Durrant and Dong, 2004;
Sticher et al., 1997
Nonvertebrates
Mealworm beetle LPS, or bacterial prechallenge Protection against secondary
infection
No Moret and Siva-Jothy, 2003
Drosophila S. pneumoniae prechallenge Protection against S. pneumoniae Uncertain Pham et al., 2007
Anopheles gambiae Plasmodium prechallenge Protection against Plasmodium No Rodrigues et al., 2010
Sponges Transplantation Rejection Yes Hildemann et al., 1979
Corals Transplantation Rejection Yes Hildemann et al., 1977
Vertebrates
Mice BCG Protection against candidiasis No Van ’t Wout et al., 1992
Mice Candida vaccination T/B cell-independent protection No Bistoni et al., 1986, 1988
Mice Murine CMV infection NK-dependent protection No Sun et al., 2009
Humans BCG Nonspecific protection to secondary
infections
No Garly et al., 2003
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study has described innate immune memory in Anopheles
gambiae mosquitoes that have been infected with Plasmodium
falciparum, which are partially protected against a secondary
infection with Plasmodia (Rodrigues et al., 2010). Suggestive
for a specific trait of innate immune memory in insects is the
maternal transfer of specific immunity against bacterium
Pasteuria ramosa in the water flea Daphnia (Little et al., 2003).
Furthermore, evidence for memory in invertebrate immunity
has been uncovered in the small crustacean copepod (Kurtz
and Franz, 2003), while shrimps can be vaccinated and
protected against white spot syndrome with a viral protein
(Witteveldt et al., 2004).
These data suggesting the existence of innate immune
memory after infection are strengthened by additional studies
in several classes of invertebrate (Porifera, Cnidaria, Annelida,
Echinodermata) that demonstrate allograft rejection after tissue
transplantation, a phenomenon ascribed to immunological
memory (for a review, see Kurtz, 2005) (Table 1). In lowmetazoan
phyla such as sponges (Hildemann et al., 1979) and corals
(Hildemann et al., 1977), these reactions demonstrate all the
characteristics of immunological memory, with second-set reac-
tions even stronger against the same donor several days later.
A word of caution has to be put forward here: one has to be
aware that the mechanisms of allorejection based on innate
immune responses may basically differ from those of trained
immunity during reinfection.
Twomain types ofmechanismsmay account for the enhanced
innate immune responses (‘‘memory’’) in invertebrates: one is the
induction of quantitative enhancement of the innate response
during reinfection, and a second type ofmechanism is qualitative
based on somatic diversification. First, different types of
mechanisms can induce a quantitative increase of the innate
immune responses during a reinfection: long-lasting upregula-
tion of the Toll and the Imd pathway (Boutros et al., 2002),
quantitative and phenotypic changes in the immune cell popula-tions (Rodrigues et al., 2010), enhancement of cellular mecha-
nisms such as phagocytosis (Roth and Kurtz, 2009), and up-
regulation of the expression of specific receptors such as
peptidoglycan recognition molecules and lectin receptors
(Steiner, 2004). These mechanisms are not responsible for the
specificity in the recall responses, and rather induce the
‘‘training’’ of existing mechanisms for a heightened innate host
response upon reinfection.
On the other hand, specific memory makes use of somatic
diversity-generating mechanisms. Several mechanisms of
somatic diversification occurring during evolution have been
described. The classical example in gnathosomes is repre-
sented by somatic rearrangement dependent on the recombina-
tion-associated genes (RAGs) such as in immunoglobulins or
T cell receptors. A RAG-independent rearrangement comes
from the discovery of highly diverse leucine-rich repeats (LRRs)
as a new type of variable lymphocyte receptor system in jawless
vertebrates such as the lamprey (Pancer et al., 2004). Somatic
diversification is, however, not necessarily coupled to rearrange-
ment (Lee et al., 2002), and diversity-generating mechanisms
have been described in invertebrates. One candidate mecha-
nism to enhance the innate response is the high rate of diversifi-
cation at a genomic level of fibrinogen-related proteins (FREPs)
in mollusks (Zhang et al., 2004), or the scavenger receptor
cysteine-rich proteins in echinoderms (Du Pasquier, 2005).
Alternative splicing of the immunoglobulin (Ig) domain-coding
gene Down syndrome cell adhesion molecule (Dscam) to
produce a highly diverse set of tens of thousands of potential
alternative splice forms in insects such as Drosophila
melanogaster and Anopheles gambiae confers an additional
mechanism of diversity generation allowing for specific recogni-
tion and protection against bacteria and parasites (Watson et al.,
2005; Dong et al., 2006). These important recent discoveries
help to explain the possibility of diversity generation during
host defense of invertebrates, allowing for induction of ‘‘anticipa-
tory immune responses’’ (Klein, 1989).Cell Host & Microbe 9, May 19, 2011 ª2011 Elsevier Inc. 357
Box 1. Characteristics of Trained Innate Immunity
d Is induced after a primary infection or vaccination, and confers
protection against a secondary infection through mechanisms
independent of T/B cell adaptive responses.
d Increases resistance of the host to reinfection, but is less specific
than adaptive immunity and thus may provide cross-protection to
other infections.
d The mechanisms that mediate the heightened activation state of
trained immunity involve cells such as macrophages and NK cells,
and entail improved pathogen recognition by PRRs and an
enhanced protective inflammatory response.
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tively lack the classical adaptive immune system, not only
contradict the paradigm that innate immune responses cannot
adapt, but are also suggestive of similar mechanisms in higher
animals, i.e., organisms with an adaptive immune response.
Studies in Vertebrates
Could it be that innate host defense of vertebrates also
possesses properties that result in a heightened innate response
upon reinfection? A series of studies in mammals as discussed
below suggests just that.
BCG vaccination in children in West Africa decreases
morbidity due to infections other than tuberculosis, resulting in
a lower overall mortality (Garly et al., 2003). This peculiar nonspe-
cific protection against other infections is a strong argument that
a specific immune response is not the protective mechanism
here. Such epidemiological data, however, do not permit the
discrimination between classical cross-protection mediated by
T lymphocytes (see above, and Mackaness, 1964, 1969) and
innate immunological memory like that encountered in inverte-
brates. Support for the latter possibility comes from experi-
mental models showing that vaccination of mice with BCG
protects against secondary infections with Candida albicans or
Schistosoma mansoni. Interestingly, this protection appears to
be mediated at least partially through T cell-independent mech-
anisms (Tribouley et al., 1978), and involves activated tissue
macrophages (Van ’t Wout et al., 1992). Similarly, challenge of
mice with CpG confers long-term protection against Listeria
monocytogenes infection (Klinman et al., 1999; Krieg et al.,
1998), and a subpopulation of Thy1.2+ dendritic cells is both
necessary and sufficient to transfer this protection to naive recip-
ients (Ishii et al., 2005).
These data are complemented by studies that investigated
protection against disseminated candidiasis conferred by atten-
uated strains ofC. albicans. When the attenuated PCA-2 strain of
C. albicans, which is incapable of germinating, was injected in
the mice, it induced protection toward the virulent CA-6 strain,
but also toward the bacteria Staphylococcus aureus (Bistoni
et al., 1986). Importantly, this protection was also induced in
athymic mice, demonstrating a T cell-independent mechanism
(Bistoni et al., 1988). Furthermore, the protection to reinfection
was dependent on macrophages (Bistoni et al., 1986) and proin-
flammatory cytokine production (Vecchiarelli et al., 1989), both
part of the prototypical innate immune armamentarium.
Not only are BCG and C. albicans able to exert protective
effects through mechanisms independent of adaptive immunity,
viral infection also seems to have similar biological potential.
It has been shown that latent herpesvirus increases resistance
to the bacterial pathogens Listeria monocytogenes and Yersinia
pestis in mice (Barton et al., 2007). Interestingly, this protection is
achieved through enhanced production of IFNg, and is entirely
dependent on activation of macrophages by this cytokine. More-
over, a recent study demonstrated that NK cells also possess
adaptive immune characteristics (Sun et al., 2009). NK cells are
prototypic innate immune cells, which are activated during infec-
tions (especially with a virus). After infection with mouse cyto-
megalovirus, NK cells bearing the Ly49H receptor proliferate,
and during the contraction phase, remain resident within
lymphoid and nonlymphoid organs. Upon reinfection, these
‘‘memory’’ NK cells undergo a secondary expansion, rapidly358 Cell Host & Microbe 9, May 19, 2011 ª2011 Elsevier Inc.degranulate, and release cytokines, thus inducing a protective
immune response (Sun et al., 2009). The memory characteristics
of NK cells have been further characterized: the limit of NK cell
expansion appears to be fixed at approximately 1000-fold,
they have the ability to self-renew, and following recall response
they canmount secondarymemory NK cells several months later
(Sun et al., 2010). NK cells with immunological properties seem
to be involved not only in resistance to reinfection but also during
prototypical adaptive responses such as contact hypersensi-
tivity (O’Leary et al., 2006). A critical role for the chemokine
receptor CXCR6 in NK cell-mediated antigen-specific memory
of haptens and viruses has been described (Paust et al., 2010).
Based on this increasing evidence, memory is being considered
an important characteristic of NK cell responses, and similar
properties have been proposed for other innate immune cells
as well (Vivier et al., 2011).
Trained Immunity as the Memory Component of Innate
Host Defense
Considering the arguments presented above, we propose that
mammalian innate immunity also exhibits properties compatible
with immunological memory, for which we propose the term
‘‘trained immunity.’’ Based on the current knowledge, we
conclude that the properties of trained immunity are partly similar
and partly different to those of specific immune memory (Box 1).
One crucial conceptual aspect concerns the specificity of
trained immunity. The data in invertebrates show specificity in
protection against certain pathogens or rejection during trans-
plantation models, while nonspecific effects are found during
systemic acquired resistance—SAR in plants and some infec-
tions in insects (Table 1), suggesting two possible types of
responses. The first type of immunological memory in inverte-
brates is based on somatic diversification (Du Pasquier, 2005),
and this mechanism may represent the basis for protection to
reinfection with some specific microorganisms (Table 1). More
common, however, is the second type of response, which is
nonspecific. This type of nonspecific response is seen during
cross-protection mediated by enhanced function of effector
cells of the innate immune system, during SAR in plants, during
nonspecific cross-protection in most reinfection models in
insects, and during trained immunity in mammals. It is tempting
to speculate that in mammals the specificity of trained immunity
was lost in evolution, as its biological relevance diminished,
when adaptive immunity conferred the specificity needed during
reinfection. All in all, we conclude that the memory characteris-
tics of trained immunity are fundamentally different from the
classical adaptive immunological memory, as it involves semi-
specific changes in the number and/or function of innate immune
Figure 2. Trained Immunity
Schematic representation of the potential changes
in innate host mechanisms that could lead to
trained immunity to viruses (via NK cells, A) or
bacteria or fungi (through macrophages, B). NK
cells can display an increased efficiency to
activate the LY49H receptor (shown in the figure
as a star next to the receptor) (Sun et al., 2009).
While similar properties have been suggested for
monocytes and macrophages, much less is
known regarding the mechanisms responsible. In
macrophages, putative mechanisms range from
differences in the monocyte/macrophage cell
subpopulations (e.g., CD14+CD16 and
CD14dimCD16+), to changes of PRR expression on
cell membrane, functional phenotype (e.g., cyto-
kines), and molecular mechanisms responsible for
these effects (e.g., epigenetic changes, modula-
tion of miRNA transcriptome).
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secondary infectious agents (see Box 1, Figure 2).
Mechanisms Responsible for Induction of Trained
Immunity
Notmuch is known about the cellular andmolecularmechanisms
mediating trained immunity in mammals, but several possible
pathwayscould be envisagedbasedon the experiments in plants
and invertebrates. Most of the data available relate to the
development of SAR in plants. Several excellent reviews are
dedicated to the mechanisms mediating SAR, including the
effector mechanisms mediated by pathogenesis-related
proteins, the various soluble signaling molecules (e.g., salicylic
acid, jasmonates, reactive oxygen species), or the gene regula-
tors NPR1 and SNI1 that influence the development of SAR
(Durrant and Dong, 2004). In insects and other invertebrates,
mechanisms related to the phenotype of cell subpopulations
(Pham et al., 2007; Rodrigues et al., 2010), to cellular processes
such as phagocytosis (Roth and Kurtz, 2009), or to PRRs on the
surface of these cells (Pham et al., 2007) seem to be involved.
Similar mechanisms may be envisaged for mediating trained
immunity in mammals (Figure 2). Changes in the numberCell Host & Microband phenotype of cell subpopulations
are very likely to play an important
role. The possibility that innate immune
cells with a high turnover such as
neutrophils would display the memory
characteristics of trained immunity is
highly unlikely, as the high ‘‘refreshment
rate’’ of these cells would make it
impossible to retain a memory of an
earlier insult. In contrast, innate immune
cells with a lower turnover (e.g., macro-
phages, NK cells) would be the most
likely to be ‘‘trained.’’ Cell expansion
and contraction are important charac-
teristics of NK cell-mediated memory
responses (Sun et al., 2009; Sun et al.,
2010), and the T/B cell-independent
protection induced by BCG or avirulent
C. albicans against invasive candidiasisis mediated by macrophages (Bistoni et al., 1986; Van ‘t
Wout et al., 1992). The phenotypic changes of the innate
immune cells with memory properties most likely involve differ-
ential expression of PRRs such as the LY49H receptor expres-
sion on the NK cells (Sun et al., 2009). In macrophages,
possible mechanisms range from differences in the mono-
cyte/macrophage cell subpopulations (e.g., CD14+CD16 and
CD14dimCD16+) to changes of PRR expression on cell
membrane, or different functional phenotype (e.g., phagocy-
tosis, cytokine production).
How are these systemic changes in cell populations induced?
Soluble factors are known to be crucial for SAR induction in
plants, and similar mediators may play a role in mammalian
trained immunity. One candidate may be the soluble plasma
mediator transfer factor (Fudenberg, 1989). Additionally, our
group has previously demonstrated nonspecific protection
against infection induced by the proinflammatory cytokines
IL-1 and TNF, a phenomenon that is reminiscent of trained
immunity (Van der Meer, 1988; Van der Meer et al., 1988). The
recent demonstration of cytokine-induced memory-like NK cells
in mice (Cooper et al., 2009) also supports a role for proinflam-
matory cytokines in the induction of trained immunity.e 9, May 19, 2011 ª2011 Elsevier Inc. 359
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immunity cells toward a memory-like phenotype have not yet
been elucidated. However, these changes are most likely
induced by reprogramming the transcriptional profile of the cell
through epigenetic changes. TLR-induced chromatin modifica-
tions have been demonstrated to be at the basis of endotoxin-
induced tolerance (Foster et al., 2007), a phenomenon through
which innate immune cells change their phenotype during the
immune response. Furthermore, recent studies have demon-
strated that chromatin modification acts as information storage
and mediates memory during the SAR response in plants
(Jaskiewicz et al., 2011). Whether similar epigenetic changes
are the basis of trained immunity in mammals will be an intense
area of research in the coming years.Concluding Remarks and Future Research
Despite an increasing body of evidence supporting the concept
of ‘‘trained immunity’’ in vertebrates, research in this field is still in
its infancy, and many unanswered questions remain to be ad-
dressed in the years to come.
One of the most important aspects to be investigated is the
degree of cross-protection versus the degree of specificity in
trained immunity. In addition, the question is whether there are
differences between invertebrates and vertebrates in these
responses. A major aspect that has been assessed only
indirectly is the duration of protection provided by trained immu-
nity. Studies in plants or insects have reported lifelong protec-
tion, yet the life span of insects can be measured in weeks. No
long-term experiments have been performed in mammalian
systems, and future studies are warranted.
Next, the in-depth identification of cell populations respon-
sible, the molecular mechanisms, and the correlates of protec-
tion induced during trained immunity are crucial to understand
the biology of these responses. Finally, an exciting prospect is
the design of new vaccines that harness the protection
conferred by trained immunity, in addition to adaptive immune
memory. In view of the nonspecific protective effects of BCG
in nonmycobacterial infections (Garly et al., 2003), or that of
CpG-induced protection against infections (Klinman et al.,
1999; Krieg et al., 1998), it is intriguing and pertinent to question
if any of the effects of the vaccines in use today are in fact due to
trained immunity.
In conclusion, we propose that innate immunity exhibits
features that confer immunological memory to innate host
defense, for which we propose as the term ‘‘trained immunity.’’
Trained immunity in mammals is less specific than classical
immunological memory, and it probably largely depends on
innate immune cells such as macrophages or NK cells. Unravel-
ing the properties of trained immunity will revolutionize our
understanding of host defense and immunological memory in
humans and other higher vertebrates, and could lead to defining
a new class of vaccines and perhaps immunotherapy.ACKNOWLEDGMENTS
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